Although isolated ventricular septal defect is generally considered to be one of the more benign congenital cardiovascular malformations, a certain proportion of infants with this lesion develop severe symptomatology and in this group the early mortality is high. Keith, for example, observed a series of 111 symptomatic children with ventricular septal defect; more than one third died in the first year of life.2 Seventeen patients who evideneed heart failure were reported by Morgan et al. 3 and, of these, 10 died before the age of 1 year. Marquis4 found that ventricular septal defect was the most common cause of death from congenital heart disease among children less than 3 years of age.
It is thus apparent that a large number of infants with ventricular septal defect will tiot survive with nonoperative management and yet should not be subjected to corrective operation because of the prohibitive risk assoFrom the Clinic of Surgery, National Heart Institute, Bethesda, Maryland. ciated with this procedure at the present time. Death in such infants usually results from congestive heart failure often complicated by repeated and severe pulmonary infections. Both are clearly attributable to excessive pulmonary blood flow. Muller and Dammann5' 6 reasoned that the artificial production of pulmonic stenosis should be beneficial, since children with ventricular septal defect and pulmonary stenosis (e.g., tetralogy of Fallot) ordinarily do well through early childhood. A modification of the operative procedure described by Muller and Dammann has been utilized at the National Heart Institute in the surgical treatment of 13 infants with ventricular septal defect. The criteria utilized in selecting patients for pulmonary artery constriction, the operative method employed, and the results of the procedure are described in the present report.
Clinical and Hemodynamic Findings
The 13 children ranged in age from 3 to 22 months (mean 6.5 months) and weighed from 2.6 to 9.8 Kg. (mean 4.7 Kg.). Each had failed to grow and develop normally, and the weight of every patient was below the third percentile in comparison with normal children of the same age and sex. All had experienced repeated episodes of pneumonia and congestive heart failure and the majority of the children had spent most of their lives in hospitals. All were receiving digitalis when first seen. On physical exam;-nation they appeared chronically ill and markedly underdeveloped. Gross cardiac enlargement was evident in each, and the typical precordial systolic thrill and murmur of ventricular septal defect were present. The second heart sound in the pulmonary area was always accentuated.
VENTRICULAR SEPTAL DEFECT Figure 3 When the optimal degree of constriction has been achieved the band is sutured to itself beneath the clamp and the pressures are again measured. The degree of constriction can be increased, if necessary, by the placement of additional sutures.
R.F. (02-01-10) was a male infant whose birth weight was 2.5 Kg. He was apparently well until the age of 21/2 months, when severe dyspnea with feedings was noted and he developed a chronic cough. At this time a heart murmur was heard and congestive heart failure was evident. He was said to have been cyanotic on several occasions and had been hospitalized repeatedly for severe respiratory infections. He had gained weight poorly since birth and when admitted to the National Heart Institute at the age of 5 months he weighed only 3.3 Kg.
On examination he was obviously cachectic (fig. 7A). The heart was enlarged, and a systolic thrill was felt in the third left intercostal space. The second heart sound in the pulmonary area was loud and a grade 3/6 systolic murmur was audible all over the precordium and was loudest along the left sternal border. There were moist rales at both lung bases and the liver was palpable 4 cm. below the costal margin. By x-ray the heart was seen to be grossly enlarged and the pulhmonary vaseularity was markedly increased. The electrocardiogram revealed right axis deviation and right ventricular hypertrophy. At right heart catheterization ( Figure 5 Operative records of right ventricular and distal pulmonary arterial pressures in patient S.G. before (left) and after (right) pulmonary artery constriction.
development of increased pulmonary vascular resistance, survival is possible. If such adjustment is not made failure will certainly ensue and the risk of death within the first months of life will be high. The operation of pulmonary artery constriction artificially produces increased resistance to right ventircular ejection but does so proximally and in a reversible manner. It is likely that the medial hypertrophy of the pulmonary arterioles is related to increased pulmonary blood flow and high pulmonary arterial pressure. Thus pulmonary artery constriction may also be found helpful in preventing or ameliorating the developirent of these changes, considered by some to be irreversible. When operative treatment is contemplated in an acyanotic infant presenting congestive failure, first consideration must be given to the establishment of the correct diagnosis. If the shunt is primarily into the right atrium rather than into the right ventricle, as in the incomplete form of persistent atrioventricular canal, pulmonary artery constriction will be of little benefit, since reduction of the magnitude of the shunt could result only at the expense of right ventricular failure with elevation of the right ventricular end-diastolic and right atrial pressures. These considerations may explain why patient R.M. has not experienced so great benefit as the other patients. In addition to a ventricular septal defect he also was shown to have an interatrial communication and a moderate-sized shunt into the right atrium. Thus cardiac catheterization would seem to be indicated The weights of 10 children before and at intervalh after pulmonary artery constriction. It has been suggested that the correct degree of constriction of the pulmonary artery can be determined by inspection alone. In our experience the mere appearance of the narrowed segment may be quite misleading, and physiologic control has been found to be essential. When the first pulmonary artery constrictions were performed in this clinic, attempts were made to regulate the degree of constriction not only by the measurement of proximal and distal pressures but also by ear oximetry. It was considered that optimal constriction might be the point at which a the stenosis produced by collstriction of the pulmonary artery by a cloth band can be relieved without undue difficulty at the time the ventricular septal defect is closed.
The gratifying clinical benefit evidenced by the children described in this report is reinforced by similar results in other clinics.10-12 It would seem that pulmonary artery constriction will remain the surgical procedure of choice in infants with ventricular septal defect and heart failure until the technics of the open operation are sufficiently refined to permit an initial corrective operation at an acceptable risk. Summary Thirteen infants with ventricular septal defect, pulmonary hypertension, and severe congestive heart failure were treated by pulmonary artery constriction. The 12 children who survived operation have been followed from 1 to 4 years and have evidenced striking improvement in growth, weight gain, and exercise tolerance. None has had pneumonia or heart failure after operation. Considerations in the selection of patients for pulmonary artery constriction, the surgical method employed, and its hemodynamic control are described.
